T AT TR e

PNOCULMFENT RFE SUME

ED 023 &887 08 vT 006 916

By -Rozran.Gilbert B.

A Study of the Effectiveness of a Military -Type Computer Based Instructional System When Used in Civiian
High School Courses in Electronics and Automechanics. Final Report.

Systems Operation Support, Inc. King of Prussia, Pa.

Spons Agency “Office of Education (DHEW), Washington, D C . Bureau of Research.

Bureau No -BR-5-1332

Pub Date | Apr 68

Grant -OEG -1 -6 000242 0618

Note -87p.

EDRS Price MF -3050 HC -$4 45

Descriptors -Auto Mechanics, Comparative Analysis, *Computer Assisted Instruction Control  Groups.
«Electroncs, Experimental Cro‘?s. € xperimental Lrograms. High Schools, Material Development, *Programed
[nstruction, Teaching Methods, Trade and Industrial Education

Identitiers -Smart Trainer

This project utilized computer-based instruction proven effective in miitary
training programs, cue-reésponse programing. SNAP~ programed texts,and programed
overlays for the SMART" trainer (a universal simulation and representation devide
which can be talored to a specific course merely by changing the students’ panel and
playboard programu‘ng). The objectives were 1O explore (1) the effectiveness of the
military systems and pattern recognition approach to electronics training on high
school students, (2) its impact on students with lower 105 than the military group
sampled. and (3) its effectiveness in other subjects, in this case auto mechanics. The
sample consisted of an electronics experimental group of 53 students and control
group of 3b students, and an auto mechanics experimental group of 9 students and
control group of 14 students. Significant results were achieved in the electronics
course for students who used computer assisted and program instruction. However,
no significant difference was found in the auto mechanics students. Data for upper
and lower 10. groups in the electronics experimental group revealed no significant
difference. Appendixes include the four project quarterly reports, and related
documents are "Auto Mechanics: Methodology. Technical Instruction Manval’ (vT 001
350). and Practical Electronids : Technical Instruction Manual (VT 001 961). HO)




o =

ED023887

Jo
~
C)
&L
)
)
E—
-

 FINAL REPORT
Project No. 5-1332
Grant No., OEG-1-6-000242-0618

A Study of the Effectiveness of a Military-Type
Computer-Based Instructional System When Used

i{n Civilian High School Courses in Electronics
and Autozechanies

April 1, 1968

U.S. DEPARTIZNT OF
HEALTH, EDUCATION, AND WELFARE

Office of Education
Bureau of Research




s — e

FINAL REPORT

Project No. 5-1332
Grant No. OEG-1-6-000242-0618

ety n w— - - s L

_— - -

\A Study of the Effectiveness of a Military-Type
'CBmputer-Based Instructional System When Used
in Civilian High School Courses in Electronics
and Automechanics, F/AlA A L& ”«”L7ij

. 2
Dr. Gilbert B. Rozran
: -

“‘Systems Operations Support, INC..
7580 Shoemaker Road .

’;ng of Prussia, Peﬂnsyivania 19406

The research reported herein was performed pursuant to
a grant with the Office of Education, U. S. Department
of/ Health, Eduvecation, and Wzlfare. Contractors under-
taking such projects under Government sponsorship are
encouraged to express freely their professional judg-
ment in the conduct of the project. Points of view
o¥ opinions stated do not, therefore, necessarily re-
pgesent official Office of Education position or policy.
F

- RS QRTINS TR TR BT AN AT e Ry L. Y

U.S. DEPARTMENT OF
/ HEALTH, EDUCATION, AND WELFARE

, Office of Education
‘ ' Bureau of Research




(A) Summary of Project:

This was a pioneering project in the use of computer-assisted instruction
and programmed instruction book methods for vocational education. The project
began on April 1, 1966 ard terminated on February 28, 1967. Materials prepared
for the Electronics courses in military training under Project FORECAST were
utilized as much as possible; since these had produced equally knowledgeable
graduates in 40% of the time of the conventional Army courses in Electronics.
New materials had to be developed for Auto-mechanics; and two '"SNAP" programmed
texts for these subjects were published in September 1966. (Copies are provided
as an attachment to this report). The three-pronged objective of exploring
(1) the effectiveness of the military systems and pattern recognition approach
to maintenance training on high school students; (2) its impact on students
with lower 1.Q.'s than the military group sampled; and (3) 1its effectiveness
in other subjects than electronics, auto-mechanics in this case, was met by A
application to a final (after attrition) sample of 112 students. Of these, 53
were Electronics experimental, 36 were Electronics, control, 9 were Auto experi-
mental, and 14, Auto-control. In addition, a side issue was explored, the
background of students, rural, urban, or suburban, by setting up the experiment
in three Pennsylvania schools representing each of these socio-economic areas.
All students were initially tested with the Otis, Kuder, Bennett, and Beta tests
for intelligence, interest, and technical comprehension, both verbally and non-

verbally.

_ Significant results were achieved in the Electronics course for students
who used the CAI and Programmed Instruction appreach. No significant difference-
was found in Auto-mechanics, although these results might be preliminary as only
two computer presented practice systems troubleshooting patterns were prepared for
" Auto as opposed to five for Electronics. All three socio-econonic Electronics
groups (experimental) did well and about equal (see Table 1). When the data

for these Electronics experimental group students was split into upper and -
lover I.Q. groups, there ware no significant differences, which would seam to
jndicate that the systematic pattern-recognition or data-flow method of instruc-
tion, computer-assisted, as was the case is as effective with lower I1.Q. students
as with those in the upper half. The range of I.Q. as measured on the Otis in
this case was from the low of 83 to a high of 131; and the Bucks County popula-.
tion was split at the midpoint of 114, while the Montgomery County N was divided
at the midpoint of 109. It would seem, then, that the answer to Objective 2 for
this project. namely does this approach have an impact on lower I.Q. students,
“would seem to be avery positive one with many implications motivating one to

do further resecarch and application of this technology to the underprivileged
and not so "bright" youth (at least on the surface, depending on sccio-econcmic
and cultural conditions). Given additional funding, application of this same
Electronics course program to another largs group of students, especially in

the lower socio-cconcmic or culturally removed area should provide the stringent
testing required to ascertain the full impact of these findings. Details of

the procedures usad, the course materials, programmad instruction books, and

publications arising Irom the project. (Copies are provided as an atte
to this report). Figure 1 illustrates yhat was acnorplished on the ¥G
project in maintenance training om radar (elecironics) on a standardiza

[}

B i 4 SR r e m e e o= . . . i e e b caia e sr—a——




TATRPRITT TR T TR AR R T R n R RR AT AR

-2-

group with AGCT (I.Q. Equiv.) scores ranging from 100 to 130. Table 1 gives
the results of this project in a summarized foxrm for both Electronics and Auto-
mechanics. 1In the case of the Army, the FORECAST students did as well in 40%
of the training time as thes Coantrol Group students. In this case, it is
necessary to concentrate on the Upper Bucks County School data, as this was

the one instance where all the elements of the methodology were present at one
time~--the progravmed instruction materials, the computer, the experimental

and control groups in Electronics, and a curriculum which was new enough to
permit SOS to be able to help balance the course content between the control and
experimental groups so that both groups were being taught technical waintenance
material in Electronics which was jdentical in precedence as well as in actual
conduct. In this case, time of exposure to such subject matter can be said to
'be equal, and holding such subject matter equal, it becomes evident that not
only was statistical significance achieved but that the final proficiency test
scores of the Experimental Group were almost 40% higher than those of the
Control Group.

(B) Conclusions and Interpretation:

1. The SOS combined computer-assisted methodology works wall in Electronics
in every case; and where, previous electronics subject matter taught can be
controlled, it is significantly better at the 2% level of confidence. Where a
good deal of previous subject matter had already been taught the students, and

where the SMART computer was not yat available, as was the case at Dobbins
(urban) it did as well as the control group. | '

2. The lack of a significant difference in Auto-mechanics may be due to
- the fact that the rural students at Bucks do a great deal of motor and farm
machinery repair from an early age, and that it was not as complete a CAI course
(only two prepared programs in Auto) as could have been possible; more time and -
funds and application in an urban envirczment might produce different results.

3, 1In every case, the intrinsic interest in solving problems on the com-
puter, which is much like playing a game with a pin-ball machine as the lights
light, the slides with the voltage readings and wave-forms appear, and where
the machine gives the student immediate reward when he localizes the correct
source of the trouble by removing the malfunction indications and restoring
the system to an operational or wgreen- light" status, all these contributed
to a high degree of motivation on the part of the student. Where the student

is motivated, as in this case, and where the device lends itself to self-inStruce
tion, there are obvious implications for its use in study halls, for additional
after-class troubleshooting practice, and for its universal use, as the range

of subject matter is limited only by the ability of programmers to convert
applicable educational curricula into the software required for computer out-
put.
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. 4. Language comprehension which in turn implies the successful full re-
ceipt of the bits of intelligence the sender is trying to convey to the listener,
seems to be the source of most difficulties. 1In the case of this CAI-PI
methodolcgy, language was used as little as possible, insofar as charts, graphs,
accurate schematic and block diagrams dynamically presented to show the relation-
ships of various components of a system, and even cartoon-like figures and
drawings in the PI books were utilized instead of words. (Especially instead of
those words which were long, flowery and above the reading level of the student).
The results are rather interesting in terms of the epparent ability of the lower
I.Q. students to master the materials when prestructured by presumably intelligent
education research personnel for them that their (the students frequency) may

be tuned in on so that as the educational course materials are transmitted by
computer, by programmed instruction book, or even by instructor, that they be -
received with a maximum degree of efficiency, e.g., that the student perceive,
comprehend, retain and be able to recall the material later in the right context
and from the appropriate cues. It was not without some faith in this approach, |
that the original research team referred to it as cue-response, that I used data--
flow pattern techniques with gaming and immediate reinforcement in the USAF Atlas
technicizn training program with many favorable responses and promising results.

: Now that additional data has been procured on this project to further support

- the systems data-flow pattern recognition approach to technical training (and

/ with considaerable reinforcement from the success of a current Navy project deale-.
fng with radar, ccmputer and weapons direction equipment repair) it would seem

. that the next step would outdistance or take one jump of & greater magnitude by

~ applying the methodology outside of the predomipant language-cultural group to
. gee if it is basic enough to the learning process to again produce results in .

- - technical training, which with experierce and refinement, may make the technical
approach tested here of wide and useful application. :
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8.2 Figures:
FIGURE 1
Training Time and Performance Comparison, Army Cue-Response
Standardization Group.
1,000 318
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FIRST QUARTERLY SUMMARY

Objectives:

l. To determine the difference in performance between
(a) studeﬁts enrolled in a military-type computer-based instructional
program in electronics and (b) students enrolled in a conﬁentional
instructionai program in electronics, with both groups of students
being drawn from a high scﬁool population with an I.Q. range from
100 to 130 (and higher).” :
. 2, To determine the effectiveness of thé militéry-type
computer-based instructional program in electronics when used on
3 lower I. Q. range (78 to 112) group of studenté,

3. To determine the effectiveness of the military-type

~computer-based instructional system when used in a different subject

area! Auto-mechanics.

Procedures:

The project will utilize a compﬁter-based instructional systen
which has proved to bé very effective in milifary traininé prograﬁs.
The system will involve the CuefResponée programming method; "SNAP!
programmed texts, and programmed overléys fér the "SMART" Trainer
(a universal simuiation and representation device whiéh can be
tailored to a specific course merely by changing the student's
patiel and plugboard programming.)

Course materials in two courses (Electronics and Auto-mechanics)
will be programmed on the basis of the Cuz-Response method resulting
in the proéuction'of "SNAP" programmed texts and programmed overlays

for the "SMART" Treiner. For the Elecztronics Couise, materials

i
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previously used in military training programs will be revised,

supplemented and adapted for éivilian high school use. For the
Auto-mechanics Course, new materials will be developed specifically
for this pfoject. Two vocational high schools (Dobbins Technical
High School, Philadelphia, Penna. and the Upper Bucks County
Technical High School, Perkasie, Penna. will be the locales for

the experiment).

Accomplishments:s

Electronics Course materials, using some content of previous

-military courses, are well on their way in development. After

intensive analysis, five overlays for the "SMART" Trainer were
defined, each capable of providing up to-25 malfunction problems.

"SNAP" Programmed instruction materials have been in preparation

- for both coursés. Two overlays were defined for the Auto-mechanics

Course; and, the Statistician-logician prepared the logic equations
for trénsiation to'the wiring diagrams for the plugboard for the
first Auto-mechanics. Course 6verlay -- the overall,block}diagram-_
The other six overiays will have their‘logic equations developed
as each layouf is reviewed,.revised and approved. Malfunction
locations and their resultant system ramifications for each overlay, -
together with the appropriate tests and associated slides of
waveforms, voltage readings, etc., are in preparation. The hardware
manufacturer predicts delivery of the "SMART" Trainers on séhedule.
In a meeting held with USOE, approval was obtained fdr minor |
chaﬁges ih.the project, resuiting from the intensiye anaiysis of |

course content, Nﬁmbers of overlays, plugboards, and slide packages °

ii
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were changed as a result of the analysis. Increased participation
of the high school instructors, resulting from meetings held at the
high schools, made it possible to eliminat2 both the second Electron-
ics and the second Auto—mechanlcs "experimental" course instructors,
and approval was obtained to procure 20 T.V. sets and necessary

test equipment in order to assure having the tools for_a standardized
end-of-course proficiency ekemination'for all electronics students. .
Frequent.meetings, or telephone conversations, were held with fhe
consultant -in order to take fdll'édvéntage of the experience with
materials prepared for prev1ous mllltary electronics courses which
used the Cue—Response method and, the current NAVY-LORAN course
facility was visited in order to take advantage of any recent
innovations that may have been developed. *

Plans for the_next Quarter include the completion of the logic
for the complete set of overlays wlth all malfunction problems
associated with each one, the "debuéging" of the programmed plug-
boards with assoclated overlays and slides on the "SMART" Trainer,
the completion of the programmed,insfruction books, and the beginning

of the courses of Instruction at the respectlve participating high

schools,
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I. Work Completed During First Quarter

The project was initiated officially en L April 1966. Staff
members of SOS were assigned to the project group and began work
immedfately. Analysis of the course contents and schedules was begun
for the Electronics Courses at the Dobbins Technlcal ngh School and
the Upper Bucks County Technical-Vocational High School, and, for
the Aute-mechanics Course at the latter school only. Meetings were
held with the-prineipals, technical edncatien directors and instructors
‘concerned with each of these courses, respectively.

For the Electronics Course, frequent meetings and telephone
- conversations were held with the'Project Consultant in order to take
| full advantage of his ekperienee and the Electronics Conrse.materiais
from the military training applications with which he has been con-
cerned in the past. Meeting'dates are listed in Table .I. S0S
personnel revieved these materials, extracted the useful content,
and, with considerable expansron, are preparing experimental course
materials from them. | | )

After lengthy analy51s, the overlays for the "SMART" were
defined; and, work was begun on the writirg of the "SNAP" programmed -
: ‘instruction texts. Cooperation of the electronics instructors at the
two high schools was obtained in adapting their regular "control
group" courses, so that course content and schedules may be the sanme
as with the'"experimental group" courses. Due to difficulties in
making student assignments, it was decided to use a statistical

separation of I. Q. levels, rather than a cLassroom separation. The

numbers of students currently ass1gned to each of +he Electronic
Course classes are shown in Table 2. ‘

.




Preparatlon of the Auto-mechanics Course materials was conduc¢ted

f by S0S personnel without the benefit of any military course precedent.
ﬂ'Two block diagram overlays for troubleshooting training of auto systens
; on the "SMART" Trainer were prepared; and, the "SNA?" programmed |

; instruction manuals for~the‘Auto—mechanics Course were in preparation.
E Close cooperatlon with the Auto-mechanics instructor at the Upper
f‘Bucks County Technical- Vocatlonal High School has enabled the

& preparation of . two ‘parallel ocheduled course contents for the
"experlmental" and "control" groups, respectively. Table 3 presents

; the student ass1gnments to the Auto—mechanics couxses.

In the case of the Electronics Course, content ana]ys1s indi-
cated that the "SMART-SNAP" approach could be effectively 1mplemented
'; by having the troubleshooting training period,with an S0S instructor
1 using the "SMARTQ cover up to a four-week time block. Then, the o
' remainder of the "experimentai" course would be covered by the
regular instructor, employing the "SMART" for student practice end
1 demonstration and "SNAP" programmed texts in addition to the  conven-
?,tional'lectpre and laboratory methods. This increased papticipation
in the teaching of the "experimental" courses by the regular high
‘:fschool instructors made it'possibie for 508 to reduce the number of
‘ special instructors reduired. As a'result, oniy one SO0S instructor
will be assigned to theJElectronics Course. Only one will be assigned f
to the Auto-mechanics course, since it will be conducted at just
{'.one‘location -~ the Upper Bucks County Technical High School. The
‘ SOS Electronics instructor will divide his time during the fall term

between the Upper Bucks County and Dobbins Schools\according to the

schedule shown in Table 4. He will, of course, be available at




either school during the remainder of the school term to_back up
the regular instructor in the."experimental" course. In the event °
of an unforeseen time conflict whereby his services might be'needed
- at both;schools simultaneously, he, in turn, will be backed up by
' the S0S Research Scientist. |

Specific details concerning the Auto-mechanics overlays are
contained in Appendlx A, with Flgure 1 prov1d1ng an illustratlon

of the flrst overlay for this course. Since the first month of .

the Auto-mechanics Course is concerned'witn basic information and
Peview of previous materials taugnt, the "SMARTFSNAP".emphasis
will begin in October and will be highlighted for approximately
two months, with continued use being made of the methodology, as
applicable, during the remainder of the school term. The most
applicable course content areas include the ignition, fuel, carburetor
g and troubleshooting subject matter’ areas. ~ Automobile body and brake
repair, for example, are not partlcularly applicable areas for
this methodology. o o o o |

Appendix B contains a description of.the overlays for the
Electronics Course and the systematic troubleshooting procedure
: vhich wnuld be used by a student in the solution of a problem.
' For this procedure, overlays #1 and #5 would be used, as depicted
| in Figures 2 and 3, respectlvely.

The_troubleshooting procedureils based upon an analysis of
the system and circuitry under consideration. The system'is divided
~into functional groups (those components 111ch act together to

perform a specific function). lf . .
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inherent in the Cue-Response analysis is the identification

and spec1f1catlon of the functions such groups perform. When the -
detalls of circuit functions are comprehended, the groups of parts
whlch-produce the functions are represented by a block diagram, as
used on the overlays. ®Such a block dlagram deplcts the data flow
from one block (group of parts) to others, and thereby makes expllclt
the functional relatlonshlps and dependenc1es existing among the
blocks in the system. The technlcal story, based on -an under- -
standlre of system operatlon, 1s written 1nto the programmed .
“1nstructlon SNAP texts, and provides such detall as to convey

- process and purpose of the blocks. Such detail would include why

the circuit is needed, which s1gna1s the circuit requires, what

type of convers1on is performed upon the signals and to which other.,
circuits the outputs are directed. | |

Once the knowledge of circuit'dependencies,.functions, pur-
poses,‘data paths,‘inputs and outputs have been developed, it is then
possible to generate malfunctlons in terms of the previously deflned
structure. A part malfunctlonlng in a given circuit will dlsrupt
the normal functioning of the circuit and produce an observable
sign of trouble. These signsvof'trouhle,are called symptoms. |
Symptoms are derivable. in two distinct ways: theoretically and

practically. The theoretlcal symptoms are derived by asking what

would resul® if a specific part were to fail and deducing the
~effects. Practlcal synptoms a"e uerlved by actually causing the

part to fail and observing the resultlng effects. Both schemes

are belng used to develop the‘famlly of malfunction problems which




' will accompany each overlay. The resulting body of data then

% beconies the source for problems in troubleshooting practice to

| exercise students in logically deducing the focus of trouble. By
programming these. in the "SMART", the learning process can be |
speeded up through its design, whefeby the instructor is provided
with a bank of malfunction switches, so that he can insert a new
probler situation for the student to solve as soon as he finishes
the curfent one. For Electronics, where there will be -five
overlays available, over 100 different malfunction problems can
be provided to give the student frequent and varied practice in
troubleshooting, so that he can understand the variety of functions
performed by electronic circuitry and the multivariant prqblems'
which can arise from the selected represenﬁative sample of mal-.

functions.

II. Plans for the Next Quarter

During the second quarter of this Project; 1 July - 30 Sept.,
1966, the complicated process of programming course materials and
the SMART will continue as follows:

(1) System and circuit analysis. ~
'(2) Determination. of a representative set of malfunction
problems for each overlay.

(3) Practical testing of th@ theoret;cally determlnmd symptom
patterns associated W1th each malfunction.

(4) Identification of the approprlate test points with
associated waveforms, voltages, etc. '

L}

(5)‘ Translation of these symptom patterns into logic equations.

(6) Determination of the legic.circuit interconnections
required from the logic equations.

Y




(7) Writing of the wire lists for the programmed plugboards.

(8) ' Testing each plugboard on the SMART to determine 1f all
light switches are activated properly for each symptom
pattern configuration (debugging the logic).

(9) Drawing of the waveforms, voltage readings, gauge
levels, etc. to be used for quantitative readings at
test points

(10) Photographing of the drawings for reduction and place- .
ment on the slide inserts.

(11) PRetesting each malfunction switch setting for each
overlay to determine if the correct slide is projected
at a given test point for a given malfunction.

(12) Holepunching and silkscreening cach overlay.

' (13) Writing of the technical story for the subject matter
including the description of the circuit functions, data
flow, relationships and dependencies, inputs and outputs,
malfunction sources and associated symptom patterns,
periodic questions and answers.

(14) Drawing the necessary artwork to illustrate the technical
story in a simple, but meaningful way.

(15) Editing of the technical story to make sure the reading
level is commensurate with the lavel of the student
body who will be using the manuals., |

(16) Publication of the SNAP technical manuals and delivery
of the SMART Trainers and associated equipment to the

_high schools. o

(17) Final checkout of the hardware at theschools.

. In addition to the above, it will be necessary to provide
orientation sessions for the high cchool instructors prilor to,or at
the beginning of the fall term. These will be one to two day
sessions at each school in which they will be briefed on the Cue-
Response methodology, use of the SMART Trainer, content of the SNAP
manuals and the precise means for mzintaining control over the

special features of the "experimental" course materials, so that

students in the "control! group de not gain aocess:tb them. The
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equating of course content between "experimental and "control"
groups has, of course, already been planined with the high schoolsy:
and, it will be re-iterated as a major necessity in order to maintain
the préper controls for the research stud;..

Two half-day sessions at the.beginning of the fall term for
each class are being set aside at.each school, so that the.screening
tests -- the Otis Intelligencé Test, Kudef Preference Record, | | 5
Owens and Bennett Mechanical Comprehension Test and the Army Beta --
may be administered to all the students who are pafticipating in

*this research study.

JII. Unanticipated Problems

At the present time, only 1l students each are enrolled in
the "control" and "experimental" groups, feSpectively, of the
Auto-mechanics Course at the Uppe? Bucks County Technical High
School. This is less than the 20 students in each group promised -
to SOS by the school. The school principal, Hr. Ross, states,
however, that a number of additionai sﬁudents may be expected to
enroll this summer. In addition, if pléns are completed before
autumn to associate two more academic high SChoolskin Uppef'

Bucks County, including one'parochial.school, with théfTechnical.
School half-day prograﬁ, then the student population in each group
will be dncreased to a number Well in excess of the 20 planned for
in the experimental design.

To assure having a large enoﬁgh population to draw from,

discussions have been held with Mr. Harold B; Albright, Montgomery

County (Pa.) Vocational-Technical School Directér,.concerning the .

©
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application of the research mcthodology in some of his schools.

If, by February 1967, it is felt that the data base is insufficient,,
it will be possible to move into one or two of the Montgomery County
Schoolslfor a month and pick up some additional data in either .
Auto-mechanics or Electronics, This will serve as backup in the
event too small a sample results from unexpected attritionaof the
student body in any of the participating sehools, and it could
pfovide useful data for cross-validation purposes.

Due to the additional amount of logic equations which need to
be written for the variety of malfunctions that are being programmed,
it is evident that the additional services of a part-time logician
will be required. In addition, the amount of typing required for
the programmed instruction books exceeds the time availability of
our one secretary assigned to this project. It will be necessary,
therefore, to have a logician assisting,the present statistician-
logician in the preparation of the equations and to hire a part-
time typist. Every effort will be made te keep the costs of the

three programmers limited, so that the tolal costs in the pelsonnel

expenditure categoyy may remeln the same as originally.predicted’in

the Contract.
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' on most antomobiles, must actuate the starter, turn on the ignition

APPENDIX A

'Pwo overlays for the SMART Trainer will be used in teacﬁing
the Auto-mechanics Coﬁrse. In laying out the overlays, an attempt
is being made to organize them by funétional circuit. It 1s very
difficult to isolante an automotive system into clear-cut circuits,
due to the many interactions and functional relationships that mﬁst
be performed during each phase of operation. For example, during

the cranking sequence, thé starter/ignition switeh, commonly usead

and furnish power to the various indicators and accessories. Each
of these functions are connected into the storage battery for powver, - i
yet are in separate functional circuits. This makes it difficult

to determine what the first sequence should be. To further com- |
plicate matters, carburetion must eccur during cranking and startiﬁg.
Therefore5 it was neceésary to'aSSign functions in the most logical

sequence. On both overlays, the sequence will be in the following .

order: (1) starter/ignition, (2) cranking circuit, (3) ignition

circuit, (W) carburetion, (%) charging circuit and followed by

(6) the normal running performance sequence.
Figure l.is.a copy of an overlay to be used as a part of

the Auto-mechanics Course. This is an overall layout for the'

| ignition, carburetion and related systems. Most of the functional

components of the two systems are contained on this overlay, so it
should be able to provide the necessary informaﬁion for learning
system functional relationships, thus supplementing the programmed
text. |

This particular overlay will have a total of ‘66 switches

energized; twenty five of these switches will be for replacement,

i
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repair or adjustment.of the 25 malfunctions that can be injected

into the system at the direction of the instructor.. Associated with

these malfunctions will be a serles of 33 slides containing informa-

tion, either for repair or for an indication on how to proceed to

the next series.

The students will be given a very brief indoctrination by
the instructor on the operation of the SMART Trainer. This will
be given to them as a group, thus. saving considerable instructor
time and will be accomplished prior to student practice on the
SMART Trainer. 1It-is currently planned that the overa]l layoat
will be phased into the course 1mmed1ate1y after selected elenents
of theory and text materials have been presented to the group.
This should occur about mid-semester, or Jjust prior to the

.diagnostic and troubleshooting'perticns of the coursew'

Prior to student operatlon of the'SMART the instructor :
will install the proper overlay, plugboald and run a dlagnostic
test to insure proper trainer operation.l Then the test must be
set up for each individual student. In all probability the initial .
‘run through by the student will contain a minimum number of mal-
functions. So, the instructor will ‘select the malfunctions and
energizé the circuitry, reset the recording devices, then instruct
the student to begin the test. .The following is an example as
to how the trainer might be used: | |

For the purposes of this test, all lights and indicators

will be out prior to operation.f Sba]t will be initiated by depress-

ing the start-action button #10. The indicator will come on "whlte

|
r
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and rémain "white" indicating ﬁhe phase of operation for the tesf.

In addition, starter/ignition switch indicator #35 is also "white"

to indicate the next step in the sequence. The student will depress

the starter/ignition switch button. If there is a programmed mal-

function, the ind1cator Wlll be "red." The student will thus need
more infcrmation, so he will have to depress the button along with

the test A button to the right of the overlay. Information will

appear on a scfeen 10céted Just above the overlay. In this par-
ticular case, the slide 1nformat10n will dlrect the dsundent to replace

the defective starter/ignition switch. This will be accomplished ?

by depressing the starter/ignition switch replace button. 'Indica—

tors #25 and 35 will turn "green" to indicate the malfunction has

been corrected. In addition, the cranking circuit indicator #3u4

will turn "white" to indicate the next sequence. Had there been no

malfunction programmed into the starter/ienition SWitch,'indicaa '

tor #35 would have turned "green" and at- the same tinme ‘#3# would
)

' Ahave.turned "white" td_indicate the next sequence.

- For illustrative purposes, lét'ﬁS<say that a crahking"motor

malfunction has been programmed into the machine by the instructor.

The student would depress the cranking circuit.button.. Indicator #34

would turn "red" to indicate a malfunction in the circﬁit. In

addition,~the‘indicators‘for the functional components in the

STARTING circuit (indicators #43, 44, 53 and 54%) would turn "white."

However, more information is desirable so the student would depress -

the cranking circuit button and test A button on the right. Informa-

tion would then appear on the screen. To prdceed5~the student would

]
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depress the battery button #43, which would turn "green." Then the

would be depressed next (button #44) and. the indicator would then
turn "green." The last "white" indicator would be #54%. When
‘button #5% would be depressed, the indicator would turn "red."
More information would be desired; so the student probably would

then depress the cranking motor button and test bﬁtton A. Informa-

tion would appear on the screen, which would tell the stqdent to

replace a shorted out cranking motor. This is accomplished by

depressing the cranking motor replace button #6%. Indicators #5%,

. 64 and 3% and 10 will then turn "green" to indicate that cranking
action has been achieved. 1In order to proceed into the next phase

of operation, the start-idle and ignition circuit indicators #20

and 36 will turn "white." The same type of logical sequence would

follow. Thus at the end of the test, all of the phase of operation

indicators (#10, 20 and 30) would be "green"; and, in addition, the

remainder will either be "out," to indicats non-use for the test, or

"green." At this time, the instructor will be required to document

the automatically recorded data and set up the machine for the

next student by depressing the appropriate buttons.

battery cable button #53 will also appear green, so the student will

know that there is power to the cranking motor solenoid.switch. This
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The five overléysAfor the "SMART" Trainer ace as follows:

Overlay #l: A block diagram depicting the complete television
' system. |

OVerlaY,ﬁ;. A schematlc diagram describing each component .

: in the tuner, I.F., Detector, Video, C.R.T., A.G.C. and low voltage
- circuitries. The function of these individual clrcults are as
3 foliows. 'The antenna-tune“ circuit selects, detects, generates and

-

| mifes different frequencies and produces an 1ntermed1ate frequency
E called nI,F." The anplifier amplifies these frequencies. The

§ detectol extracts the intelligence from the I.F. carrier. The video
amplifier ampllfles the video intelligence uniformly. Next the
video intelligence is changed into visual information by the C.R.T. .
circuitry and then reproduced on the screen. The avtomatic gain |
control, called "A.G.C." circuit, keeps the picture at a constant

level. The low voltage supply changes the house (A.C.) voltage to

Direct Current (D.C.) so that it can be used to energize all circuits.

Overlay #3: It shows a block diagram of the video amp., and’
C.R.T. The schematic .diagranm shows the components in the sound
circuitries. The limiter purpose- is to eliminate all amplitude
é"distcrtion or variation in the F.M. signal. The Ratio Detector con-
verts the frequency—modulated (F.M.) signal into equivalent sound
signals. *~ The sound ampiifier amplifies the sound to a level where

it can be reproduced by the sound output speaker.

Overlay #f4+: This shows a block diagram of video amp. and C.R.T.

It displays .a schematic diagram of the sync. clipper, vertical

oscnllator, vertical output and vertical section of bhe yoke. The

sync clipper separates the synr pulses from the rest of the video




signal and these sync pulses are used to synchronize the T.V. set

to the transmitter. The vertical oscillator generates a saw-tooth

voltage (and current) wave. The vertical output amplifies the
saw-tooth wave and the vertical sectlon of the yoke produces electro-

- magnetic deflection in step with the saw-tooth wave.

Overlay #5: It shows a Block diagfam of the Video amplifier,

C;R;T; and sync clipper circuitries. Also shown afe.a'schematic
9iagram of the A.F.C., horizontal oscillator, horizontal output,
damper, high voltage rectifier and horizontal yoke section. The
Automatic Frequency Control (A F.C.) maintains automatically the
Horizontal oscillator frequency to a desired value. ‘The Horizontal

oscillatoer generates a saw-tooth voltage and is amplified by the

Horizontal output stage which in turn is fed to the Horizontal yoke

section. The damper circuit pre vents any transient osc1llation from
being set up in the deflection coils. The high voltage (H.V.) supply -
supplies the voltage to the C ‘R.T. anode.

Example of Troubleshootinp Procedure: If Overlay #l were.to be

"used, and a V.H.F. or U.H.F. slgnal vere the input signal, the S1gnal
flow could be traced from the antenna block to the various other
blocks. At any block,'a malfunction or several malfunctions could

. be programmed.

Suppose the instructor inserted a prcgrammed malfunction which

was "No E.V." The first step would be to depress the ON-QFF switch.

An indicstion that the tubes were lighting would be presented by all |

blocks lighting ”white." This would only mean that the illanents of ?
|

the tubes were lighting and not necessarily functioning. Next, if




 the sound for the picture is present would be determined by depress-

f ing the volume control block button. Note that all the sound blocks |

would turn "green," which would indicate tlat the sund circuitries

. were func:ioning. To determiné if the p.~ ure is present, the
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brightne: ; block button would be depressed. and noting that nothing

“happens, the student would know the C.R.T. circuit is not functioning.'
He would probably ask himself, "Is there a video signal present?"

This would be determined by depressing the contrast block button,

which energizes all the blocks from.the antenna through the video
;mplifier, indicating that video is-present. By a trilal and error
method, eventually the bad componont could be found;'however, this is
1,'a long drawn out and costly job. Furthermore, our methodology teaches
the student tc proceed in a logical, systematical waye‘ |

Now, let us summafize the ooursé‘of events to this points'It
has been determined that there is no picturo on the C.R.T. Dbecause of
the lack of illumination of the C.R.T. :So far, the signal has beon’
. traced to the C.R.T. by.use of lighté on the SMART Trainer. With s
Z ‘real T.V. set, the speaker wouldvpfoduce'the sound after the volume
' was turned up, and the C.R.T. would produce no light, even after the
brightness control was turned up, indicating picture trouble. As has
‘been illustrated here, no test equipment haslbeen used up to this ~ %
point. A-well-trained T.V. technician could isolate most malfunctions |
without the use.of test equipment'down to the troubled circuitry.
Since the C.R.T. in this example hasn't any brightness, a volt metér

can be employed for use here. By depressing thé volt meter button

and the C.R.T. test; it can be determined if there is proper bias on

the cathode-grid of the C.R.T., or if there i proper H.V. on the




I e e e s T T

f C.R.T. anode, or if there is proper screen gfid voltage. The volt
meter shows that the voltage on the anode is. low (H.V ) This tells

us that the malfunction might be in the Hozlzontal Damper or H.V.
Circuitry; and, this check will eliminate the need for checking the
sync clipper, A.G.C. and vertical circuitriesj; but, 1t will not
eliminate the fact -that the trouble might be in the low voltage supply
block. A quick check with the volt meter button and the low voltage

check point button would reveal that the low voltage supply block was

functioning. Slnce it would have been thGLMlan that the trouble
might be in the Horizontal, Damper or H.V. circuitries, and assuming
that the technician had checked all tubesvfirst snd had determined
that none were bad, he would proceed by checking the Horizontal,
Damper and H.V. circuits, respectively, by depressing each button

relative to signal flow. When the troubled circuitry was located,

it would light "red"j; ﬁhich, in this case, The Horizontal output
circuit would do. | |

Now, Overlay #5, which is the Horizontal, Damper and H.V.
schematic diagram drawing,would be instaslied in placé of fhe Blok
diagram of Overky #1. With this type of detailed Overlay, the indi-
vidual components could be checked; and tle studént would find that
the Horizontal output circuit contained tle maifunction. With ﬁse
of the various test equipments-- voltags, resistance or Scope, by
depressing the associated test button and one of the test instrument
buttons, individual components or points ‘n the circultry could be
evaluated. With reference to Overlay #5, R 23, a 1K 2-watt |

resistor would be found to bhe opened. By depressing the volt meter




-

 and the check button that is related to the screen grid of the

horizontsl output tube, the studat would note that no voltage is

. present on the screen grid of this tube. This component could be

' checked with an Obhmmeter to determine -if it is opcned, which, in this
?.case, it would be. By depressing the replace button,'the "red" lights
; would turn "green" telling the student that the set had been repaired

 and was now back in proper operation.

Full Tt Provided by ERIC.
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TABLE 1

MEETINGS HELD DURING PROJECT FIRST QUARTER

Date Conferee
April 7-8 Dr. E. L. Shriver, Consultant
19 Messrs. Ross, Moyer, Keim
22 Messrs. Magliocco, Schecter,
Johnson
May 3 Messrs. Ross, Moyer, Keim
17 Dr. Sidney C. High,J.J.Maimone
18 Dr. E. L. Shriver, Counsultzant
19 FORECAST-LORAN Course Instruc-
tors -
27 Messrs. Donovan, Magliocco,
Schecter, Johnson
.June é Dr. E. L, Shriver, Consultant
7 Messrs. Ross, Moyer, Keim
16 Dr. E. L. Shriver, Consultant
23 Dr. Sidney C. High,J.J.Maimone 
2l Dr. E. L. Shriver, Consultant
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Location

Washington, D. C.

Upper Bucks Tech. H.S. ?f ;
Dobbins Tech. H.S. o

Upper Bucks Tech. H.S.
US0E, Washington, D. C.
Washington, D, C,
USNFTA

Norfolk, Va.

Dobbins Tech. H.S.

King of Prussia, Pa.
Upper Bucks Tech. H.S.
Washingtoen, D. C. ’
USOE, Washington, D, C,
Washihgton, D. C. |
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TABLE 7

Course Outline - Auto-Machanieg

I. The ..gnition System (Time Allocction - Classroom, 9 hours) °
A. Thcory
1. Operation of the four cycle enginc-Review

2.

3.

Functioual description of the ignition system

a. Primary circuit
b. Secondary circuit
Ignition coil
a. Description and function
b. Ballast resistor or wire reslstor

4, Ignition distributor
a. Contact points
(1) Cam angle
(2) Gapping
b, Condenser
* ¢, Distributor cap and rotor
d. Automatic spark control mechanlsmn
(1) Centrifugal
(2) Vacuum
(3) Combination
() Spark control curve
e. High tension wires
f. Spark plugs
. (1) Cleaning or replacenent
(2) Gapping
g. Special ignition systems and devices
B. Practical (Time Allocation - Shop, 15 hours)
1. Distributor overhaul :
2. Coil testing procedures /
3. Spark plug servicing

Engine tining

5. Secondary wiring
I1I. Fuels and Fuel Systen  (Time Allocation - Classrcom, 15 hcurs)
A, Theory . |
1. Purpose of fuel systen

2.

Component part of fuel system
a. Fuel tank
(1) Construction.
(2) Venting
b, ¥uel gauges *
Balance coil
) Thermostatic
. filter and screans
In-line
) Carburetor filter
Fuel pump-

N’ fd Ve s’

(
(

c. Fue
: (
(
(

WP =D M~
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w
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5

punp (description and purpose)

d. Fuel
(1) Rocker arm
(2) Diaphram
(3) Inlet valve
(4) Filter and screzan, |
(5) Outlet ?
(6) Operation
e. Carburctor (description and purpose)
(1) Air horn

(2) Venturi
(3) Fuel nozzle
(4) Throttle valve :
f. Air cleaner %
- (1) Purpose . ;
(2) Care and servicing : ?
g. Intake manifold - ]
Fuel pump operation |
a. Types o
(1) Single.action L
(2) Electric |
(3) Combination-fuel and vacuum ]
Carburetor operation
a. Purpose
(15 Metering
(2) Atomization
(3) Distribution
b. Fundamentals
(1) Air/fuel ratio
(2) Flow curve-air flow vs, air/fuel retio ;
(3) Flow curve-carburetor systems vs. miles
per hour
¢c. Principles
- (1) Vacuum
(2) Venturi
d. Basic systems
(1) Float
- (2) Idle system
(3) Main metering system
(4) Power system
(5) Pump system
(6) Choke system
e. Auxiliary system
(1) Vacuum spark advance ;
Fuel system troubleshooting
a. Performance analysis-carburetor
(1) Flow curve-air flow vs. air/fuel ratio
(2) Flow curve-curburetor systems vs. miles

per hour
b. Performance analysis-fuel pump |
(1) Pressure . .

(2) Capacity
(3) Vacuun choke
(4) Servicing
c, Alr cleaner
(1) Test

L A2 8arviecinr
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B. Practical (Time Allocation - Shop, 45 hours)

1. Tank checks and rcpair methods
2. Fuel pump

a, Test

b. Overhaul
3. Carburetor (Rochester)

a. Complete overhaul

(15 Single barrel

2) ‘Two Barrel
3) Four barrel
L)
justment
1) Choke
2) Idle
(3) Pump rod | :
(4) Unloader o
« Air cleaner-test :
. Fuel system test and diagnosis E
a. Puup pressure and capacity test ?
b. Air cleaner test | { 3
c. Combustion aunalyzce : -

Corvair model carburetor

(
(
. (
b. Ad
(
(

o+

y
Fngine Analysls and Tuwce-up (Timz Allocation - Classrcom & Shop 4O |
A. Emergency troubleshooting hours) !
1. Basic starting troubleshooting tests
B. Detailed tests for hard stariiing ]
)1, Cranking system
2. Ignition system
3. Fuel system
C. Tune-up procedures
1. Types of test equipment wused
a. Compression tester
b. Tachometer
c. Dwell meter
d. FExhaust analysis
e. Vacuum gauge
-~ f. Voltmeter
2. Procedures
a. Battery and battery cable
b. Crenking circuit
¢. Charging circuit
d., Ignition circuit i
1) Primary
(2) Secondary
e. Fuel and carburetor _
‘ '« Compression 7

g. ©Spark plugs a |
h. kozd test - ' 5
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Generator Generator

Repair/
Replace| Test D

® 0 0 o

Vacuum-CentCondenser Ignition Rotor D
Spark Adv Points
Repair -Replace Replace Replace |

Il @

Regulator Cut-Out

Adjust or

Replace| Test D
® " e

Regulator Current-

Adjust or Voltage
ReplaceLBegulator

. — ——

'@ © © o

Vacuum-CentCondenser Ignition. . Rotor D:
Spark Adv
: lTest E Test B Test B Test B ‘
® @& ® @& @
Ammeter orIndicator|Starter/ Coil Coil
Light 1Ignition
Charge Discharge Replace Test 3 Replace -

Test D

Fuse& Cir Lights &l

Chargjng Cranking Starter/ Ignition Carburetion

3reakers Accessories Circuit Circuit Ignition - Circuit Circuit . C
. Test F ] Test D © 'Test A Switch,  Test B Test C Cle
. X ' — — Te/s-;t:‘ A ’_,'H“”? N
O B | e & e &
Light = Battery Battery| Solenoid| Solenoid Fuel Tank Fuel Tank -
Switch Recharge or Switch Switch & Supply & Supply ¢

Test F  QReplace Test A Test A [Repair or Repair or Test C
| < ‘ = — deplace Replace ‘
L ® @] 06| 6 & @ ,]
Dimmer Accessories Battery| Cranking " .Temp. - 0il Press. Fuel Fue
Switch o Cable, Motor Gauge Gauge IndicatorFil
Test F Test F | Test A Test A |Test E Test E " Rep
. . - - e — | R
N : 0 o o,
Headlights Lights Battery Cranking‘ Temp. O0il Press. Fue
Tail light . Acces. Cables Motor Gauge Gauge Fi
Test F Replace Clean or Qgp Repalr Check/Rep. Check/Rep T
' ' o figuré 1. Automotive - Overall Block Diagram
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START |

@ ©

. Rotor Distributor Spark Startérh
Cap Plugs-| -- Action
‘Replace Replace Replace
. Rotor Distributor Spark Start-
, Cap . Plugs Idle
est B Test B Test B
- Coil Intake |Running-
, Manifold| Normal, K
Replace - ‘
,rbufétioﬁ' Air HighiSpeed Carburetor
ircuit Cleaner Power Cir.| Repair or
fest C Clean or Test E Replace{
M._' ' . IS -dce
R ®
el Tank - Air |Automatic|Automatic
Supply Cl2aner Choke Choke
 Test C Test E| Test C |Clean &
; ' Adjust
® | @
. Fuel Fuel Lines|Start-Idle Carburetor
adicatorFilters Repair or
Repair or Test C | Replace
" Replace
& © ®
Fuel Lines Fuel-Vac Fuel-Vac
Filters Puymp Pump
: Test C Test C Rerair/Rd

Ol

Test A'

O

Test 3

O

Test C

O

Test D

O

Test E'

Test F
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- SECOND QUARTERLY REPORT - USOE 5-1332
SUMMARY

Obgective

Ql. To determlne the dlfference in performance between (a) students
enrolled in a mllltary-type computer-~based 1nstructlonal program in

o electronlcs and (b) students enrolled in a conventlonal 1nstructlonal :

program in electronics, w1th both groups of students being drawn from

a high school popnlation'wnth an I.Q '"ra‘nge’from 100 to 130 (and higher).

2. To determlne the effectiveness of the milltary-type computer-

based 1nstructlonal program in électronics when used on a lower I, Q

range (78 to 112) group of students.

5‘_‘.

3. To determlne the effectiveness of the mllitary-type computer-

based instructional system when used in a different subject area.

Auto-mechanics,

, Proceduresi A ' | : , -
2 -y

: The proaect utllizes a computer-based instructional system which

has proven to be very effective in military training progranms, The.
- system will involve the Cue-Respon e programmlng method, "SNAP" pre-

grammed tetts and programmed overlays for the "SMART" Trainer (a unlver al

i

81mulat10n and representation device which can be tailored to a Spec1flc

'_' course morely by changlng the student's panel and plugboard. progxammlng).

!

4
*

Course materials in two courses (Electronlcs and Auto-mechanlcs)

have been programmed on the basis of the Cue-Response method resultlng |

L

-in the productlon of "SNAP" programmed texts and programmed overlays for-

the "SMART" Trainer. For the Electronics Course, materials previously-

nsed_in military training programs were revised,'supplemented and adapted

A _ ' : , i
. }




)
.“.‘

for use in civilian technical hlgh schools. For the Auto-mechaniCS'

s

Course, new materlals were developed spe~1f1cally Por this proJect. !

}
:

Two vocational high schools (Dobbins Teehnical High School, Ph11adelph1a.
Penna. and the Upper Bucks County Technical ngh School Perkas1e, Pennau

are the locales for the experlment).

Accompllshments.

Second quarter act1v1ty was devoted to development of the programmed
‘instructlon texts, submission of the materials to the equlpment mami-
facturer for 1ncorporatlon into the "SMART" ‘Trainer and dcvclopment of £
the actual course of study for each of the two experimental courseao
Meetlngs were held with the pr1nc1pals, technical education directors
and 1nstructors concerned with each of the two respective courses for

firming up commltments and agreements made prev1ously.

Full day sessions for all students partlcipatlng in the study at
each school were devoted to administration rf the Otis Intelllgame Test,
Kuder Preference Record, Bennett Mechanical Comprehens1on Test and the

‘Army Beta. Results were tabulated and the selection of matched experi-

fmental and control grOups was made for each subject matter areao

o &

Plans for the next quarter 1nclude flnal acceptance of both sets
of overlays (Electronics and Auto-mechanics) W1th all malfunctlon problems
, assoc1ated with each one, including the programmed plugboards and slldes

-for the "SMART" Tralner. The courses of 1nstructlon at the respectlve

‘partlclpatlng hlgh schools will begln this quarter.




Work Completed Durinz Second Quarter: -*

Second quarter activity was a continuation and fulfillment of most

of the work as jdentified during the initial planning stage. Many

meetings were held with the principals, technical education directors

and the instructors for the respective courses,

A. Electronics-Course_ ‘

For the Electronics Coﬁrse, frequent meetings and telephone
conversations were held with the Project Consultant in order to
take full advantage of hie experience and the military electronies
course materials"Whlch were developed on past projects. Dates for
these meetinée and with the school personnel are lieted in. Table'l |

All materials submltted by the Project Consultant have been received

 for content and clarlty, corrected and expanded for the experlmental

course.,

 Based on this information, the text "Electronic Methodology,"'

dated 29 September.l966, was writtem in conformance to some of the

| "SNAP" type programmed 1nstructlon methods as developed prev1ously

- for various military training courses. In conformanee w1th the

pr1n01ple of utilizing the optimum approach to teachlng as appro-.

priate, the matter, reading level type of language and the format

have been varied between the varlous sectlons of the text. For -

'example, one sectlon on troubleshootlng is clarly a scrambled text.

Another is very "SNAP"-like, while another sectlon is more llke an .
1nformal text. In all cases, the texts will serve as a means for

introauclng the student to all levels of electronies and will provide

s ~e

- the necegssary content for advancement up to and 1nclud1ng logical and

.systematlc troubleshooting.

e . ’ A . : ' *~

ﬁ3 o N ! he
-
. . : N




areas which can benefit the most from a systematic approach applicable
’generally to any problemnwhich might arise., Other automotive skill

" areas are left to the more conventional and repetitive training :

C. SMART Trainer : “; - '.. L “ - . e

4 »
3
9
3 .
A
)
3
3
b
3
3
),
K
)
B
| .
;
3
3
.
E
-
|
i
J

B. Automobile Mech.anics - ,

Programmed information for the text "Auto Mechanics Methodology

dated lh September l96o was written in conformance with some of the

f“selected crlteria for the "SNAP" type programmed instruction books.

i
-petent auto mechanlc--namely, loglcal anisystemat:c gathering of

symptoms, analysis of these, and a logical step- by-step methodology
of isolation to a system, component, removal and replacement or
direct repair of the component, and then an operational check to
determine that the automobile will perform satlsfactorily. All
superfluous information or checks whlch are specific to a given
make or model of car have been left to the service manuals produced

by their respectlve manuracturerso

Subject matter areas in the text include the ignition system,

fuel system, engine analySis and tune-up procecﬂrdS‘ €. g. those

methods and techniques."

As planned during the lnitial pnases of the proaect, flve overlay:
and associated plugboards along W1th the appropriate sets of slides
will be utilized for the.Electronics Course.,; For the Auto-mechanics
Course, two overlays, associated_plugboards and appropriate sets of

slides were developed for-teaching troubleshooting.

s . » "
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'This text concentrates 0.1 an area of knowledge required for the com— |
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Durlng the quarter, much of ‘the act1v1ty was devoted to prepaflng
_the. Speclflcatlons for the ovellays determining the sets of.mal-

| ;functlon problcms and establlshlng Lheiappropriate iﬁformation for

?'detecﬁing these malfunctiehs. This was accomplished and submitted

.te the sub-contractor for the deve]opmeht and desigﬁ of fhe'seﬁen

-'reSpeetive overlays. In eonjunetion with this task, SO0S personnel

performed a lenethy, detailed system and 01rcu1t analys1s to ensure

that the maehlne would perform as specified.

Translatlon of the various symptom patterng into logic equatlons
.was accompllshed durlng the quarter. From these equatlons, the loglc
c1rcu1t 1nterconnect10ns were then developed and assembled as were
llsts for wrrlng the plugboard for the respective overlays. These -
wire 1;sts were~then sent to the sub-contractor for plugboard wiring.
Other activities included drawing and development of the varioUsA
waveforms, voltage readings gauge levels and pictures of TV ﬁicture
Jdisfortions,:etc. to be used for quantitative reading at test pbi-nts°

These-were'completed, photographed and sent to the vendor'for place-

ment on'the slide inserts. It should be noted that the phetographingz %
of malfunctlon indications, especially on the TV screens,: was a ; ;
laborlous and exacting task which had to be repeated a number of ‘
tlmes in order to produce pictures with sufficient detall for

reduction to the lens caps used in the optically changed random

access slide proaector. Towards the end of the quarter, maJor work

eifort was being expended in preparlng the "SMART" Trainer and ass001cf
ted equipmeat for phase-in for both the auto-mechanic and. eleotronlcs ;
courses. Present scheduling for the courses at both schools is shewn,f
1mirapie, 1. |

N H
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D. .Psychologlcal Testing.

\ A full day was spent at each. school on different days for the
» purpose of adminis terlng a pre- s*lected battery of tests. The bats

g texy was made up of the folloW1ng standard tests: (1) Hevised

| Beta Examination; (2) Otls Quick-Scoring Men%al Ability Test,

(3) Bennett Mechanical Comprehension Test, Form AA; and (%) The

Kuder Preference Reco: i (chational)' Form CH., All students w-o

will participate in the research study were~tested. Scoring and

analysis of the test results is currently in progress; Very quick

look summarles of the test results are shown in Tables 2 and 3e

Drellmlnary analy51s of the 1nformat10n for the Auto-mecnanlcs

'students tested on 20 September 1966 at the Upper Bucks COJAuy

Technical High School produced the foliiowing resu1ts. (1) The

age range of the group was 15 to 19 years; (2) the 10-12th grades .

were involved°"(3) Otis I.Q. scores rangs:’ from 74 to llh As for

. the Upper Bucks Electrozlcs students, the data came out as follows:

(1) Chronologicla age ranged frqm 14 to 17 years; (2) the 10- 12th

grades were also involved; and (3). Otis I.Q. scores ranged from 85

“to 130, e L
| On the 27th of September 1966 the same battery of tests ‘was ad- i
ministered to the Electronlcs students at the Dobblns Technleal ngh

While both the 1llth and 12th Grade ‘students were tested, 51nce the

~_12th Grade w1ll be rece1v1ng the experlmental course of 1nstruct1cn

first, the results on it are available to date only and are as follow
;=6 C . | o | e
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(l) Ages 16 'to 18 years, 1n(luslve, constitue the chrono Owilcal a;c

_A,(2) the 0tls I.Q. scores ranpe from 92 to 131. Exfpl-mvntal and

contro1 groups were selected Crom tth popu;atlon by meaus of pair:
Pifrom_a rank order of test scores, Addltl\nal ‘4ta about the two grou
may’ pe Tound in Table 2.

- 1I., Plans for the Neit Quarter

| During the third quarter of th1s proaect, from 1 October to 31
December 1966, it is planned that the majority of the data will be

i
i

CLLlected from actual admlnlstratlon of the experlmental method the |

SMART/SNAP dpploach, to the students in the Eléctronics and Auto«
mechanics conrses. Speclflc events wnlch are planned for this period

are as follows.

| (1)" Completlon of the debugglng of the SMART plugboards to see
that all light sw1tches are properly actlvated for each malfunctlon
symptom pattern conflguratnon. (debugging the logic)
(2) Completion of S¢1de inserts and testlng of 1ocatlon~ to see.
B

that the apprOprlate s11de shows when a glven ‘test p01nt and test

equipment sw1tch match is made.

- (3) Final acceptance tests of the SMAR{ trainers and kheir dell-
very to the two partlclpatlng bigh schoolS. | n

' (h) Final checkout of the trainers after dellvery to ﬁe schools;
(%) Inltlatlon and completion of the'course of 1nstructlon for |

Auto—mechanLcs at Upper Bucks (See Table L) __— T
-(6) Inltlatlon and completion of the Electronics courses at
Upper Bucks and'the 12th Grade at Dobbins ( 1lth Grade will come =

in the'final qqarter in January) , [ .

-]




(7 - Contlnuatlon of the analysis of test results.

.(8). Compilation of the test results. analysis and prellmlnary draft

in preparation for the final research repost. This will include

"tests for the s1gn1f1cance of the difffrence in- performance of the

,experlmental and control groups for each course on end-ol-course

-+ (1) As identified in the First Quarterly Report, the Auto—mechanics

1

(experlmental run) proflclency examinatlons.

III. Unanticipated Problems.

4

course at Upper Bucks had only 10 students in khe experlmental ‘group
and 14 in the control gruup. Unfortunately, the Bucks County School'
System dld not increase the1r nunber by sending addltlonal students

there from other Academic High Schools as or1g1nally expected by this

autumn.

(2) A mumber of minor budget adjustments were rapired as;reported'to

you in a letter dated 21 September 1966 Concurrence by letter on th

'changes is stlll requested

(3) Debugglng of the programs has taken longer than antlclpated°
howevev, in the final analys1s, delay in bhe delivery of the SMART

"Tralners after the second quarter was caused prlmarlly by the tardlnei

~ vered on or before 15 October 1966, as specified in the contract, thiy

Aruitoxt provided by Eic:

[Kc

of the hardware vendors to supply vitad parts such as the mlcrosw1tch,

lights, silkscreens for the overlays, and the slide p1cturcs mounted i
optically aligned, (Nevertheless, since the two SMARTs were not dell-,;
|

delay in dellvery of these leased items caused S0S staff personnel to

i

° —8-— : | ] ..° | 3 . ‘J‘! .
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pvml many additional hotres making rnvisi(m': in 'l'twc~|||-v°i«~uSum
sohcdu]c for boLh Electronics and Auto-mvchan1<s; i «Cey 1hlr|inw'
f~thc course content so as to allow for troubleshooting tralnlnw Ol thc
'SMARTs at the end of thecourses.v
,(h) The manufacturer sent SOS a letter on 12 September 1966 and
made numerous l:elephone calis ‘requesting an adstional‘$9OO OQ for' L
making up one more set of slides than originally projected for tuc
Electronics cuurse, This would require additlonal contract funds;
and the matter id being referred to Area 1 Contracts and Constructron
Scrv1ccs for their consideratlon. ' |

(5) Since the statistician-logician costs are now approximately ,ON
over the $1h00 00 estimated, and flnal logic changes ciay rtill be
madc as unexpectcd malfunctions arise in the SMART programs, 1. is clq
that personnel costs are at the p01nt where there is just enough lelt
to carry through the key personnel scheduled on the project for the
remainder of the study. There has never been any slack 1n any other.
category than personnel- as a matter of fact, cost items such as Trave
and Benefits, espec1a11y 1nsurance;Akeep surpassing the anticipate

amounts each quarter to the p01nt that it will be dlfflcult to meet

the the estimates and not overrun 1n these categories before the end

of the Grant. ”', | .'1_ ‘

(6) It is felt that the effectlveness of the methodology should have
more time to be admlnistered than is presently being allocated by tne
school a follow~on study to complete this work with more students,
especlally naive ones in the subject matter area at the loth grade t E;
level should be made. The methodology may prove to be more effecetve ]

with naive students than w1th those contamlnated with the conventional 1

methods of technlcal tralnlng'ln a given subject matter areéa. - °:

L
e

-

-

22 o e o———




TABLE 1 -

* MEETINGS HELD DURLNG PROJECT FIRS! QUARVER

" _Date - Conferee Location

¥r, George Young, NAES Sicklerville, N. J.

Messrs., Bonetti, Schechter co
and Johnson Dobbins Tech. H. S., Phila,

11-12  Dr. E. L. Shrivenr, Consultant Washington, D. C.
- Mr. George Young, NAES Sicklerville, N. J.
29-31 Dr. E. L. Shriver, Consultant Washington,'D. C.

"

Dr, E. L.Shriver, Consultant Washington, D. C.

Y APA Conveﬁﬁién New York City
Tesping and Conference Upper Bucks School, Perkasie
Mr. George Young, NAES Sicklerville, N. J. '
Testing and Conference Upper 3Bucks School, Perkasie
Testing . Dobbins Tech. H. S., Phila,

26.30 Dr. E. L.‘Shriver, Consultant. King of Prussia, Pa.
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THIRD QUARTERLY REPORT - USOE 5-1332

SUMMARY

_ OBJECTIVES: . - - B

"l. To determine the difference in performance»between
(a) students enrolled in a military-type compnterébased instrucQ
tiona1~program'in electronics and (b).students'enrolled in a con-
iventional instructional program in electronics, with both groups
| of students;being drawn from a high school population withian A

I.Q. range from 100 to 130 (and higher).

2. To determine the effectiveness of the military-type
- computer-based instructional program in electronics when used. on

 a lower I.Q. range (78 to 112)'group of students,

| 3. To determine the effectiveness of the military-type
computer-based instructional'system when used in a different

subject area: Auto-mechanics.

PROCEDURES:

The project utilizes a computer-based 1nstructiona1 system
whlch has proven to be very effective in military trainlng
programs. The system will involve the Cue~Response programming
‘method, "SNAP" programmed texts and programmed overlays for the

"SMART" Trainer (

iversal 51mu1ation and representation dev1ce,.
e tailored to a specific course merely by changing the -

udent's panel and plugboard programming). o .

L]
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Course materlals in two. courses (Electronlcs and Auto-

2 mechanics) have been programmed on the basis of the Cue-Response

‘method resulting in the production of "SNAP" programmed texts and

. programmed overlays for the "SMART" Trainer. For the Electronics'

"Course, materlals previocusly used in military traﬂning programs
" were revised, supplemented and adapted for use in civilian “
technical high schools. For the Auto-mechanics Course, new
materlals were developed speclflcally for this proaect. Two
vocat10na1 high schools (Dobbins Technlcal H1gh School, Phlladel-
phia, Penna. and the Upper Bucks County Technical High School,'
Perkas1e, Penna.) were the locales chosen for the experiment.

In addition; the Electronics Course will be presented at the

Montgomery County Area Vocational-Technical High School in
January and February 1967. | t

© ACCOMPLISHMENTS:

“ Third Quarter activity was devoted to finalizing the course

. materlal for each of the respective courses, submission of
.technlcal information to equipment manufacturer for 1ncorporat10n

g 1nto_the "SMART" Trainer and the conduct‘of the 1nstruct10na1 .

program in the two technical high schools.

_A.tnird school, the Montgomery County Vocational-Technical
Higﬁ Sch0015 has agreed to cooperate in the study for the Elec-
tronlcs Course for a four-week perlod starting in January 1967.
Students participating in the study have been admlnlstered the
Otis Mental Ability Test, Bennett Mechanlcal Comprehension Test),

. . . R
- . . . . ® e
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 Kuder Preference Record and the Ré?ised Beta Examination. Results
‘\ ) . s ’ -
~ are now being tabulated for inclusion in the final evaluation.

| | | | . |
j The "SMART" Trainer was delivered to the Upper Bucks County
! : .

. Technical High School for use in the Auto-mechanics Course,

Plans for the Fourth Quarter include completion of courses )
of'instruction in the respective parﬁicipating highhschOOls,
~-conducting the ElectronicsACoﬁrse of'instructi?n in the third
| high School (Montgomery County), tabulation and statistical
;-  ; évaluation of the results of_the study énd writing and~submi$sion .é é
. ‘Qf the Final Report. If time permits, the "SMART" Trainer will be

‘.sent to Dobbins Technical High School_during February to collect
additional data on its impaét on the student population there.
Due to the difficulties mentioned in the section on "Unanticipated
.Problems," it‘Was not possible to #se.it there during October énd |

7'early November.

I. Work Completed During Third Quarter:
‘Third Quarter activity waé'a coritinuation and actual fulfillment

Zhof_most of the work that;héd been outlined during the initial planning

e i 5 S L i i 0 b i s Y

stége° Many meetings wefe held with the principals, technical

education directors and the instructors for the respective courses.

' A. Electronicé Course‘-e-

5;' o . The first part of the'Quafter was.spenf in finalizing and

printing the instructipnai materials prior to the initial v |
teaching phase at Ddbbing Technical High School. A seriés of ~ §

L student handouts, such as a detailed description of the ohmmeter,'i

* v,

! 3
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‘necessary to éupplement the programmed text were prepared.

- Expérimental'and control groups'weré selected from the

Another series titled TV Tips, which 1is a series Qf'practice
exercises to be filled out by the student during the céu:se

of instruction, was prepared. 1In éddition, a series of lectgre,
maferials based on the information received from the Project ‘
Consultant was revieﬁed, cérrecte& and reproduced for ﬁse

by the instructor during thé,teaching,phaée,

. The instructional phase started at Dobbins Technical High
SChooi in October and was finished on 25 November 1966,

12th grade student body by'meané of pairihg from a rank order
of'the test scores obtained from the Otis Quick-Scoring Mental
Ability Test. The SOS instructor assumed the responsibility
for the conduct.of,the-ekperimentél course during this phase.‘
Thé'control.group was handled by the regular instructor who
taughf‘the same materials utilizing the qonventional method.
ﬁnfortunately, due to é delay in hardware delivery, the "SMART"

Trainer was not available for usé»by the students in the expéri;

mental course., Data was collected on the two groups, including

a final grade'and it should provide meaningful evidence for
evaiuation of the two distinct methods of presenting technical

information, including the "SNAP" programmed instruction method

L J

but without use of the Trainer.

7 T8

a~

The instructional phase of the study for the Upper Bucks |
County School started on 29 November 1966. It was still in

L]
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prdgress at the end of the Quarter. Data is bteing collected

and tabulated for the final analysis and evaluation.

B. Automobile-Mechanics --
The first month of the Quarter was spent in development :

of the special training aids, instructor guides and familiar-

ization by the instructor of the materials contained in the

programmed text. A special handbook to be provided each

student entitled "Diagnbstic_duide énd Handbook" was developed
and reproduced, This information supplements the programmed
text and was'utilized‘during the Engine Analysis and Tune-up

portion of the course,

The Auto-mechanics Course started on 10 October and ran
until 22 December 1966, Essentially, the course was divided
into three distinct areas and was taught in the following
sequence: Ignition,System; Carburetors and Carburetion; and
Engine Analysis and Tuﬁe-up, The "SMART" Trainer was phased

into the course on 1 December as planned., This was the'ﬁeriod

when Engine Analysis was béing_taught to the group. The control |

group was being exposed to similar information using the:

cdnventional teaching methods and aids at a different time
period (afternoon class); At the ccmpletion of the course,
& final examination was_administered to both groups. This

information has been tabulated and is now being evaluated.
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. C. SMART Trainer -- -

During the initial planning and nreparation of course

| materials, two overlays and associated equipment were to be
included for troubleshooting of auto systems on the "SMART"
Trainer., Similarly, a series of five overlays and associated
equipment were to be included in the Electronics Course.
Early in the Quarter, it became apparent that the trainers .
were not going to be delivered by 15 October, as originally

- scheduled. This tardiness on the part of the manufacturer

was due to late delivery of vital parts for the SMART,

especially the microswitch lights and acceptable slide
pictures. SOS personnel. started making revisions to the

basic curriculum, shifting the trainer application to the

later‘portions of the courses. This was not enough, as
unanticipated debugging problems were greater than expected.
As a result, only one of the Auto-mechanics overlays was

delivered to the school for use’ durlng the Quarter for use

- by the experlmental group.' As for Electronics, major diffl-
culties in logic developed when it was discovered that the
’correctly-functlonlng components represented for training

purposes were not llghting green during malfunction problems. ‘ii

Rectification of these errors continued to the end of the Quarter. .f

To assure having a large enough population for the Elec- | \:

tronics Course, discuss1ons were held with Mr. Harold B. Albright,y

Montgomery County, Pa. Vocation-Technlcal School Director, con-




)
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. cerning the application of the research methodology in one

of his schools; As a result of these diséussions, confirmation
was received on 2 December 1966 frbm Mr, Harry P. Reddig, the
‘principal of the Montgomery County Area III Technical High
School expressing an interest in the study and agreeing to
pefmit S0S to conduct the study for the afternoon Eléctronicé.
class, The experimental course will be given to this group |
starting about the first week in January. This group will be
utilized to collect the data needed fpr the ;omplete evaluation
of the SMART/SNAP Methodology in Electronicé training. Further-
more, depending upon the oﬁtcoﬁe of the request to USOE for
additional funds to cover the unanticipated problem cost

areas, an attempt will be made to return with the Trainer to

the Dobtbins Technicai High School during February 1967 to

complete the data collection there,

D. ‘fsychological Testing --

Two half days were spent at the Montgomery County Vocational-
Technical High School for adminisfering the pre-selected battery
" of tests to the afternoon Electronics class (experimental group).
The battery consisted of the following standard tests:

(1) Revised Beta Examinatien; (2) Otis Quick-Scoring Mental»
Ability Test; (3) Bennett Mechanical Comprehension Test,
Form AA; and (4) the Kuder Preference Record (Vocational)

Form CH. Results of the tests are now being analyzed. Pre- .

§ 8

liminary results are as follows: (1) the age range of the group

of 20 students is 15 to 19 years; (2) the 10th to 12th grades

® o

.
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were involved; (3) Otis I.Q. scores ranged from 95 to 122.
The remaining information is not available at this time, as
it is still being processed. |

\

II. Plans For The Fourth Quarter: | - .

A major portion of fhe gxperihental data was collected dﬁring.

the Third Quarter. Specific events planned for the Fourth Quarter

are as follows: - ’ \
| . .
A.,. Completion of the Electronics Course ét the Upper Bucks
Technicaleigh School. |
" B, Initiation and completion of the Electronics Course at
the Montgomery County Vocational-Technical High School.
" C. Possible return to Dobbins with the "SMART" Trainer and

all the Electronics overlays to complete the collection of

data there.

D. Continuvation of the analysis of test results.

E. Compilation, statistical analysis, and interpretation of
" . test results. | |
Fo Write-up,_publicatioﬁ and submission of the Fiﬁal Report?
- for the study on or before 31'Mafch 1967, |

G. Possible éurtailment of the activities qf.allypersonnel
as§igned to this project during February 1967, except for the

| Principal Investigator'énd the Secretary, due to the impact
of the increased costs as stated in letters to'USOE on

. 21 November 1966 and 9 Deécember 1966, respectively.

s "8"
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III. Unanticipated Problems: |
The major difficulties experienced during this Quarter

concerned the impact of delays in the preparation of trainer
materials such as slides and the 1ogic development which held
up the delivery of useable overlays and plugboards with accompany- :3 3
1ng slides for the Electronics Course through most of this period. ]
The lengthy debugging process which uncovered the fact that ,
properly functioning components were ‘not 1ighting green during x | ]
the malfunction problems necessitated a major redoing of the
~logic and a corresponding reﬁiring of the plugboards. This

caused considerable expense whlch resulted in the subcontractor

writing a letter to SOS on 15 December 1966 in response to our

letter to them on 6 December 1966 in which North American Elec-

‘tronic Systems, Inc. requested'another $7 ,650 even though SOS 1
had asked them to cooperate in’ ach1ev1ng a worthwhile program in 4

th1s research effort and to try to absorb the costs they had '
verbally estimated to S0S about 1 December 1966, Meanwhile, on

9 December 1966, SOS sent USOE a letter statlng the technlcal and

cost problem areas, including insurance. coverage for the equlpment,

added personnel costs for:the.additional logic work, and the fact .

that another set of slides would be required if the Electronics

Courses were to be continued in two schools simultaneously.

These problems could not be anticipated beforehand, and, as a

result, the request was made tofUSOE for additional funds to carry ,

. -4

out the full intent of the researoh:objectives in spite of the

~

obstacles cited. The end result, happily, is that the SMART Trainer

-9-
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in use at the Montgomery Counfy Technical High School for the

Electronics Course is working very well to capacity; and the
students are taking to it with a'high degree of motivation,‘

with the learning prccess being expedited., On the othgr hand,
SOS‘personnel will need to be taken off the project on or before .
1 March 1967 because of the shortage of funds, and, unless USOE
provides additional funds as stated by the subcontractor, it

can be anticipated that there will be some major.financial
difficulties to be resolved. SOS cannot, without your apﬁrbval
and appropriation of these funds, take any further action in
this.regard. |
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v Interim Data'Analxsis

)
v“-."

Dobbins - Electronics Experimental N=22 |

© . Final Beta Otis Bennett’ Kuder(}) Kuder(C) Kuder(s) %
Mean = 73.14% 115.18 110.18 36.18 5.55 6.09 6.1k :
S.DC . 9.15 7.77 9.89 5.96 1.67 1.53 1.77 ) ﬂ
| | o Ry, 234567 = .7215 B
: : . ' o ; ;
. | Control N=20 |
Mean 74,20 117.30 109.70  33.0 5.50 5.70 6.20
s.D. 8.85 ~ 6.81 9.82 10.2 - 1.72 1.58 1.72
Ry,234567 = .5660
t = .3719 .
| 4o df .05 =2.021
? Upper Bucks - Eléctrbnics | Experimental N=12
? - Final Bet Otis Bennett Kuder!Mz Kuder(C) | Kuder(8)
"l. Mean 69.25 111.16 115.17 39.83 = 7.25 6.17 - 6.58
2 1.82 1.75

2, S.D. 19.93 ~ 6.08 7.72 7.75 1.k
k S o R1,234567 = .9159
Control N=16 |

1. Mean 51.00 115.31 113.75 43,4 7.63 6.63 8.13 i
2. 8.0, | 17.37 .28 5.52  7.13 . 1.27 1.5 .99 ;

. R1,234567 = .5764

&= 2,40
26 df 02 =2.479

Upper Bucks - Auto-Mechanies Experimental N=9

" Final Beta Otis Bennett Kuder(M) Kuder(C) Kuder(S)

1. Mean 66,67 105,00 107.00 . 39.22 8,00 . 5.00 5.00
2. S.D. 15713~ 8.35  8.11 - 8.74 1.15 ok . 1.70 .

¢ 4

R1.234567 = .9737
Control N=ik

1. Mean  63.93 109,07 100;78 38,07 7.36 4.8 5,64
-2, S.D. 13.33  7.13  9.97  7.50 1.76 1.6 1,23

t = ,0138 | , R1234567 = . .
-~.21 d4f .05 =2.080 P ' 3 267 9OHO —
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The last research week at Upper Bucks Technical High School coincided with
the first week of 1967 as final proficiency examinations were administered
to all electronics course students. The Auto-mechanics course had been
completed just prior to Christmas vacation. The Trainer was moved from
Upper Bucks to the Montgomery County Technical High School, Area 3; and
the computer-based programmed instruction in electronics was administered
to these students (2 suburban population) from 9 January to 3 March 1967.
On 24 February 1967 the USOE Project Director, Dr. Sidney C. High, visited
the Montgomery County Technical High School and observed a demonstration of
the Methodology in the Electronics course there. The Dobbins School had
requested that the project return there in February, so their students in
Blectronics could have use of the trainer. While a second trainer was leased,
there was no second set of electronic course slides as they had not been
funded by USOE; as & result, it was not possible to run two courses in
parallel. Scores on the Upper Buck Electronics course Final Tests (Experi-
mental Mean® 69.25, Control Mean® 51.00) were found to be significantly.
different at the 2% level of confidence (t-tst), T-tests between high and
.1low I.Q. group students in Electronics were not significant, indicating
that the Methodology might be effective across the Otis I.Q. Range of
students from 83-131 (this population), Depletion of funds terminated
project activities the week of February 28, 1967.
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